Summary Background: Although granulocyte colony stimulating factor (G-CSF) mobilization is generally well tolerated by healthy donors, there is also a wide spectrum of adverse events associated with it. Among these events, rhabdomyolysis in peripheral blood stem cell (PBSC) donors is very rare. In this paper, we present a first case of rhabdomyolysis after administration of filgrastim for PBSC mobilization. Case Report: A 6-year-old donor received 10 µg/kg/day filgrastim subcutaneously for 5 days. On the 3rd day of filgrastim, the donor complained of bone pain; a single dose of paracetamol (250 mg) was given to relieve pain. On the 4th day, she complained of bone pain, myalgia, and vomiting. On laboratory analysis, serum creatine phosphokinase was 1,095 U/l (40-226 U/l), LDH 312 U/l (100-190 U/l), aspartate aminotransferase 85 U/l (0-40 U/l), potassium 3.3 mmol/l (3.6-5.1 mmol/l). Urine myoglobin was 110 ng/ml (<5 ng/ml). Rhabdomyolysis was suspected on clinical and laboratory findings. Clinical manifestations regressed and the laboratory results returned to normal within three days after intravenously forced diuresis and potassium replacement. Stem cells were successfully harvested from peripheral blood on the 5th day of G-CSF therapy. Conclusion: Rhabdomyolysis is a rare but important adverse effect of G-CSF. Allogeneic PBSC donors should be closely monitored with regard to rhabdomyolysis after G-CSF administration in the mobilization setting. 
Introduction
Granulocyte colony stimulating factor (G-CSF) has been considered as the standard mobilizing agent for peripheral blood stem cell (PBSC) donors. Mobilization with G-CSF is generally well tolerated by the healthy donor; however, there is also a wide spectrum of adverse events associated with it. Common manageable toxicities are bone pain, fever, and reversible elevations of alkaline phosphatase (ALP), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and uric acid. Rare but serious and life-threatening toxicities such as thrombosis, myocardial infarction, adult respiratory distress syndrome, and splenic rupture may also occur [1] . Among healthy individuals, three patients are known to have developed acute myeloid leukemia 1-5 years subsequent to G-CSF administration [2] . Consequently, in recent years, questions have been raised concerning the safety of G-CSF in this setting.
Rhabdomyolysis is a syndrome that involves damage and breakdown of skeletal muscle, resulting in the release of muscle cell contents into the systemic circulation, in association with a number of clinical triggers across the age spectrum. It presents with a classic triad of muscle pain, weakness, and brown urine [3] . However, in a recent series, only 1 of 191 pediatric patients presented with all findings [4] . Therefore, a careful history should be taken for exclusion of rhabdomyolysis in the differential diagnosis.
Rhabdomyolysis in PBSC donors associated with G-CSF mobilization is very rare. Previously, only two cases have been documented during mobilization with lenograstim [5] . In this paper, we report a 6-year-old allogeneic PBSC donor who developed rhabdomyolysis following mobilization with filgrastim.
Case Report
A 14-year-old female was diagnosed with acute myeloid leukemia. After receiving standard remission induction chemotherapy, she achieved the first complete remission of her leukemia. Thereafter, she received a consolidation course of chemotherapy composed of high dose cytosine arabinoside. Finally, she was scheduled for allogeneic stem cell transplantation from her HLA-matched 6-year-old sister; informed consent was received from the parent.
Prior to recruitment, the donor underwent a detailed physical and laboratory examination. Her previous history was unremarkable. All pediatric vaccines had been administered. There was no history of disease or drug use. Her physical examination, chest X-ray, electrocardiogram, complete blood counts, blood chemistry profile, and parameters of hemostasis were normal. Viral serology regarding hepatitis A, B, and C, Epstein-Barr virus, herpes 1 and 2, cytomegalovirus, adenovirus, influenza virus, cocksackie, echo, varicella zoster, and human immunodefficiency virus were negative.
The donor received 10 µg/kg per dose of filgrastim (Neupogen™; Amgen-Roche, Thousand Oaks, CA, USA) subcutaneously once daily for 5 days. On the 3rd day of filgrastim, the donor complained of bone pain; paracetamol was given as a single dose (250 mg). On the 4th day of G-CSF administration, a central venous catheter was implanted in the subclavian region. The patient did not receive any additional drugs or anesthetics for catheter implantation. She complained of bone pain, myalgia, and vomiting 6-8 h after the catheter was placed, at which time she was reevaluated. Physical examination was unremarkable. Body temperature, respiration rate, and blood pressure were within normal ranges. Urine was tea-colored. Laboratory analysis was as follows: serum creatine phosphokinase (CK) was 1,095 U/l (40-226 U/l), LDH 312 U/l (100-190 U/l), AST 85 U/l (0-40 U/l), uric acid 8.5 mg/dl (2.6-8 mg/dl), and potassium 3.3 mmol/l (3.6-5.1 mmol/l). The other serum biochemistry variables were within normal ranges. In complete blood count, hemoglobin was 12.5 g/dl, white blood cell count 39,800/µl, and platelet count 350,000/µl. A peripheral blood smear revealed leukocytosis with a left shift. Urine myoglobin level was 110 ng/ml (normal range <5 ng/ml).
Rhabdomyolysis was suspected on clinical and laboratory examination evaluation, and intravenously forced diuresis with potassium replacement was initiated. Central venous pressure was closely monitored. After 12 h clinical findings resolved and serum CK level started to decrease. Subsequently, the patient's muscular symptoms improved, with laboratory values returning to normal after 3 days. G-CSF administration was continued after diagnosis of rhabdomyolysis and initiation of diuretic treatment. Stem cells were appropriately harvested from peripheral blood on the 5th day of G-CSF therapy, and CK value did not increase after stem cell apheresis.
Discussion
Rhabdomyolysis is a syndrome that results from muscle injury, lysis, and degeneration leading to the release of intracellular contents into the blood and urine. Rhabdomyolysis may be associated with life-threatening complications, e.g. acute renal failure, cardiac arrhythmias, and disseminated intravascular coagulopathy. The mortality rate may still be as high as 8%. Therefore, to prevent rhabdomyolysis-associated severe complications, early diagnosis and therapy are crucial. Additionally, overall prognosis of rhabdomyolysis is favorable with early diagnosis and treatment. The development of rhabdomyolysis is associated with a wide variety of diseases, injuries, medications, and toxins [6, 7] . Nearly 80% of cases of rhabdomyolysis are drug-related [7] . It can also be an unusual complication of high-dose chemotherapy and hematopoietic stem cell transplantation [8] . Several chemotherapy agents causing rhabdomyolysis have been previously reported [9] [10] [11] [12] . However, the rhabdomyolysis in healthy allogeneic stem cell donors during PBSC mobilization is extremely rare [5] . The criteria of rhabdomyolysis, i.e. a more than 5-fold increase of CK, were met in these 2 cases. Additionally, there was no evidence of other diseases as a cause for rhabdomyolysis in these donors; in particular, viral causes such as adenovirus, cytomegalovirus, influenza virus, cocksackie, echo, herpes simplex, varicella zoster, or Epstein-Barr virus were not detected. Hence, there are two probable causes regarding rhabdomyolysis in our donor. One is that rhabdomyolysis is a direct adverse effect of filgrastim or paracetamol. The other is that rhabdomyolysis is secondary to the combined adverse effect of these two agents. On the other hand, we can not prove whether or not [13, 14] . However, we could not find any report regarding rhabdomyolysis associated with it.
Drug-induced rhabdomyolysis can occur by a primary direct toxic effect on the myocyte function or by an indirect secondary effect that predisposes the myocyte to develop injury [15] . However, the exact mechanism of rhabdomyolysis caused by these agents is not clearly known. To our knowledge, paracetamol alone, despite its widespread use, has caused myopathy in only 3 patients, one of whom suffered from hypersensitivity-associated rhabdomyolysis; the remaining 2 had toxic paracetamol-induced rhabdomyolysis [16] [17] [18] . This is the first documented case of rhabdomyolysis after administration of filgrastim.
The frequency and severity of rhabdomyolysis after G-CSF and/or paracetamol remain unclear. Some cases with mild or moderate rhabdomyolysis may be undiagnosed during G-CSF administration if CK monitoring is not performed. However, severe rhabdomyolysis can be associated with life-threatening complications. Therefore, allogeneic stem cell donors should be closely monitored with regard to rhabdomyolysis after/during G-CSF administration and following hemapheresis. If rising CK levels are observed during G-CSF mobilization associated with mild or moderate rhabdomyolysis, urgent treatment may be initiated without discontinuation of G-CSF.
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